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Boston. Massachusetts
Accurate prognostic information is important in deter-
mining optimal management of patients presenting for
evaluation of chest pain. In this study, the ability of
exercise thallium-201 myocardial imaging to predict fu-
ture cardiac events (cardiovascular death or nonfatal
myocardial infarction) was correlated with clinical,
coronary and left ventricular angiographic and exercise
electrocardiographic data in 139 consecutive, nonsurg-
ically managed patients followed-up over a 3 to 5 year
period (mean follow-up, 3.7 ± 0.9), using a logistic
regression analysis. Among patients without prior myo-
Serial thallium-20t myocardial imaging after exercise has
been a useful technique for detecting coronary artery dis-
ease. After injection of the tracer, initial images reflect
regional myocardial blood flow and delayed images reflect
myocardial viability (1,2). Previous studies (3) have defined
the sensitivity and specificity of the exercise thallium tech-
nique for detecting coronary artery disease as determined
by coronary angiography. A more far-reaching use of the
method may be as a predictor of risk of subsequent myo-
cardial infarction or ischemic death. The coronary angio-
gram has considerable prognostic value in predicting future
cardiac events (cardiovascular death or nonfatal myocardial
infarction) (4-10). Compared with angiography, exercise
thallium-20t imaging has the advantage of being nonin-
vasive. Furthermore, in contrast to the anatomic description
of coronary lesions provided by angiograph, abnormalities
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cardial infarction (100 of 139), the number of myocardial
segments with transient thallium·Wl defects was the only
statistically significant predictor of future cardiac events
when all patient variables were evaluated. Among pa-
tients with myocardial infarction before evaluation (39
of 139), angiographic ejection fraction was the only sig-
nificant predictor of future cardiac events when all vari-
abies were considered. This study suggests an approach
to evaluate the risk of future cardiac events in patients
with possible ischemic heart disease.
on the thallium-20 I study reflect the pathophysiologic im-
pact of coronary artery disease on myocardial perfusion (3).
Even though such pathophysiologic information may be of
prognostic importance, no study has evaluated the prog-
nostic value of exercise thallium-20l information in relation
to angiographicdata obtained in the catheterization laboratory.
Accordingly, the present study was undertaken to deter-
mine the prognostic value of the exercise thallium test in
relation to clinical and angiographic findings in 139 non-
surgically managed patients followed up for 3 to 5 years
after evaluation.
Methods
Patients. The study group of 139 consecutive, nonsurgically
managed patients underwent both exercise thallium-201 study and
cardiac catheterization for evaluation of chest pain during the pe-
riod from November 1976 to November 1978. These patients were
drawn from the complete series of 227 patients evaluated with
both tests during that period. The remaining 88 patients were
excluded from the follow-up study because they underwent coro-
nary artery bypass grafting. The thallium-2Ot studies were per-
formed as research tests in patients already scheduled for cardiac
catheterization, and did not influence the decision to perform
catheterization.
The J39 nonsurgically treated patients were classified into two
groups: 1) those without known prior myocardial infarction (n = 100)
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Figure 1. Schematic diagram of anterior and 50° left anterior oblique
thallium-201 myocardial images showing division into SIX segments.
A segment that showed decreased activity on initial images that
did not improve on delayed images was interpreted as demonstrat-
ing a persistent defect. A segment with initially decreased activity
that became normal on the delayed view was interpreted as dem-
onstrating a transient defect. A segment with initially decreased
activity that showed improved but abnormal activity on the delayed
view was interpreted as demonstrating a partially transient defect.
For each patient, a transient defect score was determined by adding
the number of segments with transient defects. Similarly, a per-
sistent defect score was found by adding the number of segments
with persistent defects. A partially transientdefect score was counted
as one-half transient and one-half persistent. A total defect score
was determined by adding the number of segments with any defect.
In addition, the thallium-20llung activity was qualitatively graded
on initial anterior images as 0 (normal), I + (increased, but less
intense than myocardial activity) or 2+ (increased and comparable
with myocardial activity), as previously described (12).
Patient data collection and analysis. Clinical, physical ex-
amination, exercise electrocardiographic and exercise thallium-20l
data, outlined in Table 1, were recorded at the time of initial study.
The thallium-20l exercise study was performed within 2 weeks
of cardiac catheterization. Follow-up data were collected by tele-
phone interviews or mailed questionnaires at yearly intervals. Fol-
lOW-Up was 99% complete; however, one patient without previous
infarction, a normal thallium-20l study and no SIgnificant angio-
graphic coronary disease was lost to follow-up after 2 years without
any cardiac event. He was treated as having no cardiac event during
follow-up analysis. Deaths were interpreted as cardiovascular (sud-
den or nonsudden) or noncardiovascular, based on evaluation of
hospitalization, autopsy and family interview data. Myocardial
infarction was verified by hospital records documenting electro-
cardiographic and enzyme changes as well as the patient's history.
Statistical analysis. A stepwise logistic regression analysis
(BMDPLR, Health Services Computing Facility, University of
California, Los Angeles) was used to determine the value of each
patient variable (Table I) for predicting a future cardiac event,
defined as cardiovascular death or nonfatal myocardial infarction.
The logistic regression program allows all variables to be analyzed
simultaneously. A ranking of all variables in order of ability to
predict a cardiac event was made by using the chi-square values.
If the highest term is significant, it is removed and the process
repeated in a stepwise manner to evaluate any added predictive
value of remaining variables until no variable has a significant chi-
square value. With the logistic regression analysis, a variable may
AplCO-rntenor
50° LEFT ANTERIOR OBLIQUEANTERIOR
and 2) those with previously documented myocardial infarction
(n = 39) based on historic, electrocardiographic and enzymatic cri-
teria. No patient in group I had any of the three infarction criteria;
however, all patients in group 2 had at least two of the three criteria.
Transmural infarction was present in 37 patients, subendocardial
infarction in two patients. No infarction had occurred within I
year before thallium-20l evaluation. Management decisions re-
garding coronary bypass surgery were the responsibility of the
patients' physicians, and both catheterization and thallium-201
imaging data were available for this decision. Only II (8%) of
the 139 nonsurgically managed patients were considered inoper-
able on the basis of poor left ventricular function or severe distal
coronary artery disease (5 in group I, 6 in group 2).
Coronary and left ventricular angiography. Coronary artery
narrowings were determined as the consensus of two observers
without knowledge of thallium-20l data. To determine the sen-
sitivity and specificity of thallium-20 I data in our study, significant
coronary disease was defined as stenosis producing a 50% or greater
reduction in luminal diameter in one or more major coronary vessels.
Left ventricular cineangiography was performed in the 30° right
anterior oblique projection. The left ventricle was divided into
three segments (anterolateral, apical and inferior); and regional
wall motion was evaluated by two observers using a 5 point scoring
method: 3 = normal; 2 = mild hypokinesia; I = severe hypo-
kinesia; 0 = akinesia; - I = dyskinesia. Regional scores of each
of the three segments were added together to determine the wall
motion score. Left ventricular ejection fraction was derived by
planimetry from the end-diastolic and end-systolic ventriculo-
graphic images using the area-length method (II).
Exercise protocol. Patients were exercised upright on a tread-
mill using the Bruce protocol until either fatigue or severe chest
pain developed. Heart rate, blood pressure and a 12 lead electro-
cardiogram were recorded at I minute intervals. At peak exercise,
1.5 mci of thallium-201 (New England Nuclear Corporation) was
injected intravenously and the patient was encouraged to continue
exercising for an additional 45 seconds. A positive ischemic elec-
trocardiographic response was defined as ST segment depression
of I mm or greater, both at the J point and 80 ms later. A test
was considered indeterminate if no ischemic ST segment changes
developed in a patient who did not achieve at least 85% of maximal
predicted heart rate during exercise.
Thallium·201 data collection and anlaysis. Myocardial im-
aging was performed with the patient supine, using an Ohio Nu-
clear series 100gamma camera (Ohio NuclearCorporation), equipped
with a low energy, all purpose, parallel-hole collimator interfaced
with either a PDP-9 DEC or an MDS-PAD computer system. A
window encompassing the 68 to 80 keY mercury X-ray peak of
thallium-20l was used. Imaging began within 5 minutes of com-
pletion of exercise. Initial images were collected in the anterior
and 50° left anterior oblique projections for 6 minutes each. De-
layed images were collected 3 to 6 hours after injection in the
same projections.
Myocardial distribution of thallium-20I was analyzed for each
of six myocardial segments: anterolateral, apical and inferior seg-
ments in the anterior projection and septal, apicoinfenor and pos-
terior segments in the 50° left anterior oblique projection (Fig. I).
Each segment was interpreted as demonstrating normal or de-
creased activity by the consensus of the two experienced observers.
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Table 1. Clinical, Exercise Electrocard iographic , Angiographic and Exercise Thallium-201 Imaging Data in Nonsurgical (study
group) and Surgical Patients
No Previous MI
Surgical Nonsurgical
(n = 38) (n = 100)
Clinical data
Age (mean ± SD) (yr) 53 ± 7 49 ± 9
Sex (male/female) 30/9 65/35t
Propranolol usage 22(56%) 38(38%)
Angina pectoris functional
class (NYHA) 2.6 ± 0.7t 1.5 ± 1.1
Exercise electrocardiography
Positive 22(58%) 29(29%)
Indeterminate 8(21%) 29(29%)
Negative 8(21%) 42(42%)
Angiographic data
Ejection fraction (%) 69 ± 6 66 ± 8t
Wall motion score II A±1.2 11.6 ± 1.2
Significant coronary disease 38(100%)t 42(42%)t
No. of vessels with disease 1.9 ± 0.9 t 0.6 ± 0.9t
Left main coronary disease 1(3%) 1(1%)
Thallium-201 imaging data
No. of transient defects 1.2 ± 1.3 0 .8 ± 1.1
No. of persistent defect s 0.8 ± 0 .9 0.5 ± o.n
Total no . of defects 2.0 ± I At 1.2 ± 1.4t
Lung activ ity score 0.2 ± IA 0.2 ± 0.5
Previous MI
Nonsurgical Surgical
(n = 39) (n = 50)
5 1 ± II 53 ± 10
35/3 44/6
2 1(55%) 27(54%)
I A ± I.3 t 2.5 ± 1.2
1(45%) 29(58%)
2(5%) 6(12%)
19(50%) 15(30%)
55 ± 14 53 ± 15
8.7 :t 2.7 8.0 ± 2.7
39(100%) 50(100%)
2.0 :t 0.8 2.2 ± 0.7
2(5%) 4(8%)
0 .8 ± 0 .9t 1.6 :t 1.2
1.3±1.2 1.3:t 1.1
2. 1 ± 1.3* 2.9 ± 1.4
0 .3 ± 0.6* 0 .6 ± 0.8
*,tJ = probabili ty (p) values compan ng differences In adjacent columns: * = p < 0.05 , t = P < 0 .01. += P < 0001
MJ = myoca rdial Infarction; n = numbers , NYHA = New York Heart Association ; SO = standard dev ration
have prognostic value if considered alone but not when evaluated
with other patient variables , because it yields no additional pre-
dictive power to other superior variables . A probability (p) value
of less than O. IO is considered significant using this analysis .
Sensit ivity of thallium tests for coronary disease was defined
as the frequency of positive test in patients with coronary disease .
Specificity was defined as the frequency of a negative test in
patients without coronary disease .
Results
Patient group characteristics. Clinical, exercise elec-
trocardiographic , angiog raphic and thallium-201 imaging
data for the nonsurgically managed study group and the
surgical group are presented in Table 1. All patients studied
had normal sinus rhythm and none manifested complex ven-
tricular arrhythmias , including bigeminy , couplets or ven-
tricular tachycardia on routine 12 lead electrocardiograms
at the time of entry into the study or during exercise . Within
the nonsurgical study group , ejection fraction, wall motion
score and prevalence of women were significantly higher in
patients without prior myocardial infarction than in patients
with prior infarction. Patients without prior myocardial in-
farction who were treated surgically and excluded from fol-
low-up analysis had a higher mean New York Heart As-
sociation angina pectoris class, a higher mean number of
diseased coronary vessels and a greater total number of
thallium defects than did the medically treated patients.
Patients with previous infarction who subsequently under-
went bypass graft surgery and were excluded from the fol-
low-up study had a higher mean angina pectoris class , a
greater number of transient thallium defects and a higher
mean thallium lung activity than did nonsurgical patients.
Sensitivity and specificity of thallium-261 de-
fects. The sensitivity of thallium-201 myocardial defects
for detecting angiographically defined coronary artery dis-
ease in our study group was 83% (67 of 81). The sensitivity
was not significantly affected by patient gender , propranolol
usage, history of previous myocardial infarction , achieve-
ment of 85% maximal predicted heart rate or results of
exercise electrocardiography. The specificity ofthaIlium de-
fects for coronary disease was 67% (39 of 58). Specificity
was greater in patients achieving 85% maximal predicted
heart rate than in patients unable to achieve such a heart
rate (50%, p < 0.01), while patients gender , propranolol
usage, history of prior myocardial infarction and results of
exercise electrocardiography had no statistically significant
effect. Of note, 85% maximal predicted heart rate was more
common in patients not taking propranolol (56%) compared
with patients taking propranolol (31%, p < 0.0 I).
Thirteen patients had angiographicaIly determined sub-
critical coronary disease (25 to 49% stenosis) and 45 patients
had less than 25% coronary stenosis. The incidence of thal-
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lium defects was greater in patients with subcritical disease
(9 [69%] of 13) than in patients with less than 25% stenosis
(10 [22%] of 45) (p < 0.001) and was not significantly
different from the incidence of thallium defects in patients
with 50% or greater stenosis (67 [83%] of 81).
Prognostic value. Patients without previous myocardial
infarction (group 1). Among the 100 patients without prior
myocardial infarction who had a mean follow-up period of
3.8 ± 0.7 years, six (6%) patients sustained a cardiac event
occuring from 0.8 to 3.0 years from the time ofinitial study.
All six had a nonfatal myocardial infarction; no patient died
during the follow-up period. Five of the six patients had
significant angiographic coronary artery disease and one
patient had a maximal coronary stenosis of 40% involving
the left anterior descending artery. Using stepwise logistic
regression analysis, all patient data were ranked by chi-
square values for ability to predict cardiac events (Table 2).
After the number of transient thallium-201 defects (which
had the highest significant chi-square value [p < 0.01]) was
included in the logistic regression model, no other predictor
was found to be significant. The probability of a future
cardiac event as a function of the number of transient thal-
lium-201 defects, as well as the actual incidence of observed
events, is shown in Figure 2.
Although the number of coronary vessels with disease
did not add any prognostic value to the number of transient
defects, if thallium-20l data were excluded from analysis,
this did become a significant predictor; however, other fac-
tors remained not significant.
Patients with prior myocardial infarction (group 2).
Among the 39 patients with documented myocardial in-
farction before thallium-201 study, 7 (18%) sustained a
cardiac event during the 3.4 ± 1.3 year follow-up interval.
Events occurred 1 month to 3.3 years from the time of initial
study. One patient had a nonfatal myocardial infarction, two
patients had a fatal myocardial infarction and four patients
died suddenly. With use of stepwise logistic regression anal-
ysis, patient data were ranked by chi-square values for abil-
ity to predict cardiac events (Table 3). After ejection fraction
(which had the highest significant chi-square value [p <
0.0001]) was included in the logistic regression model, no
other predictor was found to be significant. The probability
of a future cardiac event as a function of ejection fraction,
as well as the incidence of actual observed events, is shown
in Figure 3.
Although thallium-201 data did not add any prognostic
value to ejection fraction, the number of persistent thallium
defects and thallium lung activity became significant pre-
Table 2. Potential Predictors of Cardiac Death or Myocardial Infarction: 100 Patients Without Prior Myocardial Infarction
Predictor
No. of transient thallium-20l defects
Total thallium-20l defects
No. of diseased vessels
Wall motion score
Thallium-201 lung activity
Age
Ejection fraction
Angina pectoris functional class
Sex
Propranolol usage
No. of persistent thallium-201 defects
Positive exercise electrocardiogram
No. of transient thallium- 201 defects
Total thallium-201 defects
No. of diseased vessels
Wall motion score
Thallium-201 lung activity
Age
Ejection fraction
Angina pectoris functional class
Sex
Propranolol usage
No. of persistent thal1ium-20 I defects
Positive exercise electrocardiogram
*Degrees of freedom = 1; variance = 2.
NS = not SIgnificant; p = probability.
Chi-Square"
Before Entering Predictors in Logistic Regression
6.66
483
3.57
2.25
1.93
1.59
0.86
0.67
0.60
0.38
0.03
0.01
After Entering Number of Transient Thallium-201 Defects
6.66
0.02
0.52
1.63
1.24
1.25
0.38
0.51
2.00
0.21
0.05
0.02
p Value
< 0.01
< 0.05
< 0.10
NS
NS
NS
NS
NS
NS
NS
NS
NS
< 0.01
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
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33%
TOTAL TRANSIENT TI-20f DEFECTS
surgically managed patients admitted for angiographic
evaluation of a chest pain syndrome. Previous studies (3)
have compared the thallium study with angiography to de-
termine sensitivity and specificity. However, sensitivity and
specificity for predicting angiographic coronary artery dis-
ease may represent an indirect means of determining the
actual clinical value of this study, because the ability of a
study to predict future myocardial infarction or ischemic
death may be more important.
Other studies (4-10) have evaluated the prognostic im-
portance of clinical and angiographic variables but none has
evaluated the prognostic value of thallium imaging after
stress in comparison with coronary angiography. Coronary
angiography has been successful in identifying patients at
high risk for subsequent cardiac events by demonstrating
left main (8-10) or multivessel coronary artery disease (4-
7). However, thallium-20l studies and angiography ex-
amine different aspects of coronary disease. Coronary an-
giography attempts to define the anatomic structure and
distribution of coronary disease. This definition may be
limited by: I) the difficulty of precisely defining the hemo-
dynamic impact of multiple, long and borderline stenoses
(13,14), and 2) the difficulty of assessing the hemodynamic
contribution of collateral vessels (15). Thallium-20l im-
aging reflects the pathophysiologic impact of coronary dis-
ease on myocardial perfusion rather than the structural anat-
omy itself. Therefore, thallium-20l imaging may provide
additional prognostic information not available from routine
analysis of coronary angiograms.
Prognosis in patients without previous myocardial in-
farction. In patients without previous myocardial infarc-
tion, the extent of ischemia reflected in the number of tran-
sient defects in an exercise thallium study was a significant
n=9
~32-2.51-1.5o
30 [S] Predicted Probability
~ Observed Incidence
Figure 2. Probability of a future cardiac event (cardiovascular death or
myocardial infarction) versus observed incidence of event as a function of
the number of transient thallium-201 defects in 100 patients without pre-
vious myocardial mfarcnon.
Discussion
This study evaluates the importance of a number of clin-
ical, exercise electrocardiographic, angiographic and thal-
lium-201 variables in assessing the prognosis of 139 non-
dictors of future cardiac events (p < 0.005) if angiographic
data were excluded. Other variables remained not significant.
100.------------------------,
1:"::::":1 Predicted Probability
~ Observed Incidence80
20
0"10 0"10
n=10
~65
.~.'r~ 0 "10
n=14
55-64 45-54 35-44
EJECTION FRACTION
25-34
Figure 3. ProbabilIty of a future cardiac event (cardio-
vascular death or myocardial infarction) versus observed
incidence of event a, a function of ejection fraction In 39
patients With previous myocardial infarcnon.
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Table 3. Potential Predictors of Cardiac Death or Myocardial Infarction: Patients With Prior Myocardial Infarction (no. = 39)
Predictor
Ejection fraction
Wall motion score
No. of persi stent thallium-20 I defect s
Thallium-201 lung activity
Total thallium-201 defects
Age
Positive exerci se electrocardiogram
No. of diseased vessels
Propranolol usage
Sex
No. of transient thallium-201 defects
Angina pectoris functional class
Ejection fraction
Wall motion score
No. of persistent thallium-201 defects
Thallium-201 lung activity
Total thallium-20l defects
Age
Positive exerc ise electrocardiogram
No. of diseased vessels
Propranolol usage
Sex
No. of transient thallium-201 defect s
Angina pectoris functional class
Chi-Square"
Before Entering Predictors III Logistic Regre ssion
17.21
14.99
8.69
6.16
6.06
1.62
1.05
1.04
0 .53
0.42
0 .15
0.10
After Entering Ejection Fraction
17.21
0.98
1.54
2.40
0.66
0.01
0.57
1.28
0.01
0 .01
0 .23
1.03
p Value
< 0.0001
< 0 .005
< 0.005
< 0.05
NS
NS
NS
NS
NS
NS
NS
NS
p < 0.0001
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
"Degrees of freedom = I; variance = 2.
No. = number; NS = not sigmficant; p = probability.
predictor of future cardiac events. The number of coronary
vessels with disease has been widely considered one of the
most important predictors of cardiac morbidity and mortality
in patients with coronary artery disease (16, 17). In our study,
however, the number of diseased vessels (as well as other
angiographic data) appeared to provide no prognostic in-
formation additional to that provided by the thallium ex-
ercise data .
It is of note that all cardiac events in this group of patients
without previous myocardial infarction were nonfatal myo-
cardial infarctions. Our finding is consistent with the ob-
servation of Harris et al. (7) that most cardiac events in
patients with good left ventricular function are nonfatal myo-
cardial infarctions . In addition , it emphasizes that studies
using only death and survival as an end point may under-
estimate important cardiac sequelae .
Prognosis in patients with previous myocardial in-
farction. In the patients with a previous myocardial in-
farction, ejection fraction was the only significant predictor
of cardiac events when all patient variables were considered.
This is consistent with previous reports (5,18,19) that have
shown ejection fraction to have important prognostic value
in patients with coronary artery disease. In our study, when
angiographic data were excluded, both the number of per-
sistent thallium defects, which reflects extent of myocardial
scar (1,20), and thallium lung activity, which reflects ex-
ercise-induced left ventricular dysfunction (12), became sig-
nificant predictors of cardiac events. Neither the number of
transient thallium defects nor the number of diseased coro-
nary vessels was found to be a significant predictor. Thus,
it appears that extent of myocardial scar and resultant left
ventricular dysfunction, rather than extent of jeopardized
viable myocardium, is the most important determinant of
prognosis in patients with previous myocardial infarction .
It should be noted that interpretation of transient thallium
defects in the setting of previous myocardial infarction may
be difficult. This may be because geometric distortions (for
example , dyskinesia) can lead to changes in thallium myo-
cardial image appearance independent of actual thallium
content or uptake (21).
Of seven cardiac events in this group, six were cardiac
deaths (two fatal myocardial infarctions and four sudden
deaths) . This is consistent with the observations of Harris
et a1. (7) who found that death was the major cardiac event
in patients with poor left ventricular function and coronary
artery disease.
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Limitations of the present study. Although our study
suggests a prognostic role for the exercise thallium study
and the rest ejection fraction in patients with coronary artery
disease, the number of patients evaluated is relatively small
(n = 139). However, this number represents all nonsurg-
ically managed patients undergoing both thallium-201 study
and angiography during the first 2 years of thallium use at
our institution, allowing a follow-up period of 3 to 5 years.
Nevertheless, further study of larger patient populations will
be required for verification of the present encouraging
results. In addition, 88 patients were not included in the
study group because they underwent coronary artery bypass
grafting. Although only II of the 139 nonsurgical patients
were excluded from surgery because of inoperability on the
basis of poor left ventricular function or severe distal coro-
nary disease, the degree of bias and influence on our findings
resulting from a nonrandomized selection is difficult to as-
sess. Not surprisingly, the surgical patients had a higher
mean angina pectoris class than patients managed nonsurg-
ically. However, there was no significant difference between
surgical and nonsurgical patients in the patient variables that
had prognostic value, that is, the number of transient thal-
lium defects in patients without previous myocardial in-
farction and ejection fraction in patients with previous in-
farction. It is also important to note that, unlike many pre-
vious investigations (4-10), our study included patients
without apgiographically defined coronary disease, because
it was designed to evaluate the prognostic value of patient
data in a group presenting for evaluation of a chest pain
syndrome rather than with previously documented coronary
artery disease.
In addition, our study employed qualitative evaluation
of both thallium-20l and angiographic data. Because quan-
titative approaches may improve the evaluation of severity
of coronary disease or myocardial ischemia, it is possible
that these methods (22-25) may improve the prognostic
value of either technique.
The potential predictive role of ventricular arrhythmias,
which have been shown to be a risk factor for sudden death
(26), was not examined in the current study. Even though
no patient manifested complex arrhythmias on a 12 lead
electrocardiogram, more sensitive Holter electrocardio-
graphic monitoring (27) was not performed. It is possible
that Holter 24 hour electrocardiograms may have provi~ed
prognostic information; however, further study is needed to
determine this.
Clinical implications. Our study suggests an approach
for determining the prognosis of patients presenting for eval-
uation of chest pain. If the patient has no evidence of pre-
vious myocardial infarction, exercise thallium-20l testing
would be an appropriate initial study to determine prognosis.
For patients with a history of previous myocardial infarction,
measurement of angiographic ejection fraction, which in
our laboratory is closely correlated to radionuclide cinean-
giographic ejection fraction (r = 0.87) (28), may be the
desired initial approach to determine prognosis.
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